Cats play an important role as pets in the present society. Thus, the knowledge about their main diseases and causes of death is fundamental to prevent various pathologies. However, when dealing with domestic cats there are very few researches in Veterinary Medicine. The aim of this study is to identify the causes of death of cats through a retrospective study of necropsies in the Animal Pathology Laboratory in the Federal University of Uberlândia (Brazil), in a period of 36 years, in which 350 cat necropsies were conducted. The most frequent causes of death of these animals were digestive system diseases (48 cats -13.71%), and among them, feline hepatic lipidosis was the most frequent etiology (18.75%). The second most affected system was the respiratory (10.86%) and acute pneumonia, pulmonary edema, and diaphragmatic hernia were the main diseases to cause death of cats with some kind of disorder in this system. Other decease causes were rabies, squamous cell carcinoma, fibrous osteodystrophy, fractures and traumatism, hypovolemic shock, and feline lower urinary tract disease. This type of analysis can provide basic information about the most common diseases in felines, contributing with veterinarians as they adopt control and prevention actions against diseases. Keywords: Felines. Death. Necropsy. Diseases.
Introduction
Life expectancy of cats has been increasing considerably in the last years. Therefore, the knowledge of the main diseases that affect these animals and lead them to death is extremely important (TRAPP et al., 2010) . This type of information is fundamental for veterinarians, contributing with correct diagnosis and treatment, allowing prophylactic measures to reduce the death rate (TRAPP et al., 2010; LITTLE, 2015) . Given this growing predominance of cats in households, studies about their causes of death have become increasingly urgent.
In England a study that presents data on longevity and causes of death of cats has been conducted (O'NEILL et al., 2014) . However, in Brazil only causes of dog death have been well reported (BENTUBO et al., 2007; FIGHERA et al., 2008; GRIGALEVICIUS et al., 2015) , while few studies have addressed this issue on cats and still have demonstrated controversies. Thus, only two studies (TRAPP et al. 2010; BATISTA et al., 2016) evaluated all the possible causes of death of cats in all ages. Nevertheless, in these studies, for Trapp et al. (2010) , the main causes of death among cats are infectious diseases. For Batista et al. (2016) , on the other hand, the cats have died mainly due to physical agents.
Further studies have addressed only the assessments made in a specific population of cats. This is the case for Manteigas et al. (2013) , who have studied only cats over nine years old. In this specific population, chronic kidney disease (CKD -result of a variety of chronic injuries than can lead to nephron loss followed by adaptive hyperfiltration in the remaining nephrons) was reported as main cause of mortality. In addition, in another study carried out by Gonçalves (2010) , only the causes of sudden death were evaluated. In this author's work, intoxications by carbamate, dicoumarol and organophosphorus compounds are cited as the most frequent causes of death.
Necropsy is the fundamental method for determining the cause of death. The description of all lesions and collection of material for further analysis (histopathology, toxicology examination, for example) are of extreme importance for a correct diagnosis (COARSEY; WOLDEMESKEL, 2017).
Therefore, this study aimed at evaluating the main causes of death of cats diagnosed in the Animal Pathology Laboratory in the Federal University of Uberlândia (Brazil), in a period of 36 years (from 1975 to 2011) to get 350 cats' necropsy medical records. As far as it is recorded, this is the first work addressing the causes of death of cats in a city of the state of Minas Gerais.
Material and Methods
Necropsy medical records of cats were selected, obtained from the archive of the Animal Pathology Laboratory in the Federal University of Uberlândia (Brazil, Minas Gerais State). Only properly recorded necropsies were chosen to the study. The number of individuals needed for sampling in such a study is estimated at 350, as pointed by Thrusfield (2004) .
Epidemiological data as gender, age, and breed were collected. The necroscopic reports were evaluated in each case and the cause of death recorded. Thus, the diagnostic method used was anatomopathological examination, considering all the complementary postmortem examinations performed in each case for definitive diagnosis, such as histopathological, toxicological, and immunohistochemical analysis.
In order to assess the necroscopic injuries, only the definitive diagnosis was considered, and when elucidating the cause of death was not possible, the diagnosis was considered inconclusive. The anatomopathological diagnoses obtained were combined according to the affected system and confronted with the current data in the literature.
Results
From 1975 to 2011, 350 cats were necropsied. Out of these, 159 (45.43%) were male, 156 (44.57%) were female and 35 (10%) did not have information about gender. In terms of age, 122 animals (34.86%) ranged from 0 to 12 months old, 63 animals (18%) from 13 months to five years old, 26 cats (7.43%) were from 6 to 10 years old, 20 animals (5.71%) were more than 10 years old and 119 (34%) did not have information about age. With this research, it was possible to verify a higher percentage of deaths in young animals.
When it comes to breed, 237 animals (67.71%) were half-breed, 24 (6.86%) were Siamese, 19 (5.42%) were Persian, 14 (4.02%) were Turkish Angora, one (0.28%) was Brazilian Shorthair and 55 animals (15.71%) did not have any information about breed. From this study, a higher rate of deaths in half-breed animals has been observed.
The distribution of systems directly related to the cause of death in the cats is shown in figure 1. Within the group of cats with the digestive system related to their cause of death, nine of them were affected by feline hepatic lipidosis. The second condition to affect the most cats in this present study was peritonitis, together with feline infectious peritonitis the most frequent (Table 1) . The respiratory system was the second most common in causes of death of felines, and pneumonia was the main pathology, followed by pulmonary edema, diaphragmatic hernia, and bronchopneumonia (Table 2) . 1900ral 1900ral 1900ral 1900ral 1900ral 1900ral 1900ral 1900ral 1900ral Affected Systems Affected Systems Figure 1 -Distribution of the number (n) of deaths of necropsied felines according to the affected system Rabies and intracerebral hemorrhage were the main causes of death related to the nervous system. Seven cats had rabies as their cause of death. In addition to these animals, other animals had clinical suspicion of rabies, but due to the lack of Negri bodies, other diseases as lymphocytic meningoencephalitis were defined as the cause of death of the cats. Two of them, which have died due to intoxication, had as toxic agents involved the strychnine and the carbamate.
Integumentary system was the fourth most affected, with higher occurrences of carcinoma, followed by adenocarcinoma, chronic dermatitis, muscular abscess, fibroadenoma of the breast, and mastocytoma. Locomotor system was the fifth most affected one with causes of death of cats in this research. Among the causes, fibrous osteodystrophy was the major cause of death followed by fractures, traumatisms, and rickets. The main fracture reported was in the femur bone, followed by mandible, tibia, cervical vertebra, and sacral vertebra.
Concerning the cardiovascular system, the sixth system most related to death causes, shock was the main cause of deaths, being hypovolemic shock the most related cause. Urogenital system represented the seventh most related to deaths of cats and nephritis represented the major cause of deaths among the animals with urinary problems, while purulent metritis was the disease found in the reproductive system.
The systems with the lowest correlation with causes of death of felines are hematopoietic, endocrine, sensorial, and reproductive. In the hematopoietic system, feline leukemia prevailed as the main cause of death, and in the endocrine and sensorial systems the testified pathology was iridocyclitis. In the reproductive system, purulent metritis was the disease found. Some of the inconclusive diagnoses (104 animals -73.75%) presented clinical suspicion of rabies, however, without macroscopic lesions or microscopic findings that could lead to the confirmation of the disease.
Discussion
Since the number of cats in the routine of the veterinary hospital was smaller than that of dogs, the study period has been extended (1975 to 2011) in order to obtain 350 cats' necropsy medical records. Thus, considering the period, the number of necropsied felines in this study was small (350 animals in 36 years). This fact may be due to a lower adoption of cats as pets; the recurrent observation that cats die, mostly, away from their homes; the lack of interest of the owners about the cause of death and even to the lack of knowledge about the necropsy as a way to discover the cause of death to these pets (MACHADO; PAIXÃO, 2014) .
It is known that epidemiological changes in the profile of diseases and pathogens can occur over time (THRUSFIELD, 2004) . However, no significant variations were found in the disease profile evaluated in this study, probably due to cats' behavioral characteristics. Cats' behavior has already been addressed in the scientific literature, as well as its consequences for their survival (MACHADO; GENARO, 2010). In this respect, it is paramount to highlight that cats spend long spans of time away from home. This behavior may cause malnutrition, which is one of the main causes of hepatic lipidosis. (BARBERO, 2006; LITTLE, 2015) . In addition, the aforementioned habit may favor contact with feline infectious peritonitis virus, another important cause of death observed in this study (ROSA et al., 2009) .
A study performed by Gonçalves (2010) about causes of sudden death in cats and dogs showed that, among 60 reports analyzed concerning deaths of cats, 67% were males. Olsen and Allen (2001) also discovered a higher occurrence of sudden deaths in male cats. On the other hand, Xavier (2004) , evaluating cases of intoxication by aldicarb, pointed its higher occurrence in female cats (45.23%). This fact was also verified by Menezes et al. (2011) when evaluating death by intoxication, detecting that 60% of the cats were female. Based on this study and on the comparison with the cited bibliography, it is possible to notice that gender did not influence in the death causes of the examined felines.
Gonçalves (2010) noticed a higher occurrence of sudden deaths of cats from one to six years old (60%); as well as Olsen and Allen (2001) , who verified that 51.5% of the animals were two years old or less. In this research, most of the dead animals were from 0 to 12 months old, which may be a consequence of the lack of basic care with these animals in their early years, as well as nonadministration of vaccines and incorrect nutritional diet, among other factors.
The occurrence of neoplasms in elderly cats is relatively common, as observed by Little (2015) . This fact confirms the findings in this research, in which death caused by squamous cell carcinoma had a higher prevalence in cats between 10 and 12 years old.
In a study carried out in Lisbon (Portugal), Gonçalves (2010) verified a higher percentage of sudden death in breed cats (European Shorthair). This tendency is also observed in other countries, as verified in the study by O'Neill et al. (2014) , in which the survival of half-breed cats in England was testified to be higher than in those of pure breed. These findings differ from those here reported, since there were higher death rates of half-breed cats (68.10%). However, it is worth mentioning that most of the domiciled and errant felines in the region of the study are half-breed, which probably contributed to its higher occurrence.
As for the suggestive animals with feline hepatic lipidosis, many of them could be diagnosed with feline infectious peritonitis, as elucidated by Little (2015) . Such disease in a non-effusive form causes feline hepatic lipidosis as consequence. Furthermore, this pathology presents a high frequency in felines and a high mortality rate (about 90%) in untreated cats (BARBERO, 2006; LITLLE, 2015) . Gonçalves (2010) verified that most sudden deaths in felines were motivated by respiratory diseases (30%), pneumonia being the most frequent (44%), followed by acute pulmonary edema (28%). Similarly, Batista et al. (2016) found that infectious diseases are the main causes of death of cats and dogs. These findings confirm the present study, in which pneumonia has also been shown as a frequent cause of death of these animals. Among possible causes of pneumonia and pulmonary edema in these felines, the feline leukemia virus (FeLV) is emphasized, since the majority of cats in this research were young, with no vaccination background and with access to the street. However, only 1.43% of the feline deaths could be directly related to FeLV, which raises the hypothesis that this pathology may be underdiagnosed at the veterinary clinic.
Diaphragmatic hernia was another important cause of death found amongst felines in this study. It is believed to be due to traumatisms, which may also have contributed in the cases of fracture, intracerebral hemorrhage, diaphragmatic rupture, and hypovolemic shock that were analyzed. In a previous study, a similar result was observed by Rochlitz (2004) , who noticed an increase in the number of animals that were attended due to automobile accidents, falls, and fights with other animals or even with lesions intentionally induced by humans.
As for the cases of death with the etiology related to the nervous system, considering that there were some unconfirmed suspicions of rabies, the hypothesis of underdiagnosis rises again, since positive cases can occur as a consequence of this disease and Negri bodies may not be found in a histopathological analysis (ROLIM, 2011) .
Differently from what has been verified in previous studies (XAVIER, 2004; MENEZES et al., 2011) , only two cats died due to toxic agents in this study. Considering that evaluations about forensic necropsies in animals reveal a high rate of intoxication cases in domestic cats (SALVAGNI et al., 2013; PAIXÃO, 2014) , probably the small number of cases verified in this study were due to the lack of knowledge by the owners about necropsy as a diagnostic tool, during the assessed period.
Squamous cell carcinoma, a malign neoplasm of epidermal origin relatively common in cats, was the main cause of death of felines involving the integumentary system. This finding is in agreement with the literature, since this neoplasm represents 15% of feline skin tumors and at least 70% of feline oral malignant tumors. 31% had metastatic disease in the submandibular lymph nodes and 10% had evidence of thoracic metastasis (LITLLE, 2015) .
Fibrous osteodystrophy, observed here as the main pathology of the locomotor system related to death, may have happened due to acute hyperparathyroidism, since according to Forrest (2014) , in this condition, demineralization occurs followed by fibrous tissue hyperplasia. Furthermore, clinical manifestations of bone demineralization due to chronic kidney disease are extremely rare among cats and dogs (NELSON; COUTO, 2015) .
Diseases in the cardiovascular system were the sixth most frequent cause of death in the assessed felines, differently from what had been observed by Gonçalves (2010) and Olsen and Allen (2001) . In these researches cardiac diseases were the second most frequent cause of death of cats, and cardiomyopathy was the main responsible for deaths.
Although cats are frequently affected by urinary tract diseases (NELSON; COUTO, 2015) , the frequency observed in this study was relatively low (12 in 350 cases). However, in previous years Wouters et al. (1998) also verified a low occurrence (13 cases in 154 necropsies carried out in cats in six years).
It was not possible to determine the cause of death in 40.28% of cats, since the diagnosis was inconclusive. This is due to the inexistence of sufficient data that could contribute to define the cause of death, which may have occurred due to the lack of complementary exams performed by the owners or even to the condition of the animal at the moment of necropsy (autolysis, for instance). Nevertheless, the impossibility of identification of the cause of death is common in this type of analysis, as it was detected in 13% of the animals evaluated by Gonçalves (2010) and in 12.7% of the animals analyzed by Olsen and Allen (2001) .
Conclusion
Studies about the causes of death in felines are rare and in the scientific literature only researches about specific etiologies can be found. Covering all the causes of death in domestic cats during this period, we verified that the digestive system was the system most frequently related to the death of these cats, and feline hepatic lipidosis was the most frequent disease. Future research should be done in order to compare the data obtained here. The analysis of these data can help professional veterinarians in the adoption of control and prevention measurements of those diseases.
